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ABSTRACT 

The Arecibo L-band Feed Array (ALFA) is being used to conduct a low-Galactic latitude sur- 
vey, to map the distribution of galaxies and large-scale structures behind the Milky Way through 
detection of galaxies' neutral hydrogen (HI) 21-cm emission. This Zone of Avoidance (ZOA) 
survey finds new HI galaxies which lie hidden behind the Milky Way, and also provides redshifts 
for partially-obscured galaxies known at other wavelengths. Before the commencement of the full 
survey, two low-latitude precursor regions were observed, totalling 138 square degrees, with 72 HI 
galaxies detected. Detections through the inner Galaxy generally have no cataloged counterparts 
in any other waveband, due to the heavy extinction and stellar confusion. Detections through 
the outer Galaxy are more likely to have 2MASS counterparts. We present the results of these 
precursor observations, including a catalog of the detected galaxies, with their HI parameters. 
The survey sensitivity is well described by a flux- and linewidth-dependent signal-to-noise ra- 
tio of 6.5. ALFA ZOA galaxies which also have HI measurements in the literature show good 
agreement between our measurements and previous work. The inner Galaxy precursor region 
was chosen to overlap the HI Parkes Zone of Avoidance Survey so ALFA performance could be 
quickly assessed. The outer Galaxy precursor region lies north of the Parkes sky. Low-latitude 
large-scale structure in this region is revealed, including an overdensity of galaxies near t = 183° 
and between 5000 - 6000 km s _1 in the ZOA. The full ALFA ZOA survey will be conducted in 
two phases: a shallow survey using the observing techniques of the precursor observations, and 
also a deep phase with much longer integration time, with thousands of galaxies predicted for 
the final catalog. 

Subject headings: galaxies: distances and redshifts - galaxies: fundamental parameters - large-scale 
structure of the universe - surveys 
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1. Introduction 

The obscuration due to dust and the high stel- 
lar density in our Galaxy varies from place to place 



Box 76, Epping, NSW 2121, Australia 

8 Department of Physics and Astronomy, George Mason 
University, Fairfax, VA 22030, USA 

9 Department of Astronomy, University of Mas- 
sachusetts, Amherst, MA 01003, USA 

10 School of Physics, University of Western Australia, 
Crawley WA 6009, Australia 

n GEPI, Observatoire de Paris, CNRS, Universite Paris 
Diderot, 5 place Jules Janssen, 92190 Meudon, France 



1 



within the Milky Way. Overall, it blocks ~20% of 
the extragalactic Universe at optical wavelengths 
and a smaller fraction of the sky at infrared wave- 
lengths. This "Zone of Avoidance" (ZOA) was 
recognized even before the nature of the spiral 
nebulae was understood. This sky coverage lim- 
itation does not pose a problem for the study 
of galaxies themselves, as there is no reason to 
believe that the population of obscured galaxies 
should differ from those in optically unobscured 
regions. Yet, an accurate knowledge of the mass 
distribution within our neighborhood is essential 
if we are to understand the dynamical evolution 
of the Local Group from kinematic studies (e.g., 
Peebles et al. 2001). In addition, the discovery 
of previously unknown nearby galaxies will fur- 
ther efforts to understand the local velocity held 
(see Kraan-Korteweg 1986 and Karachentsev et 
al. 2002). Mapping more distant hidden galaxies 
allows us to explore the connectivity of large-scale 
structure across the Galactic plane. 

The ZOA has been successfully narrowed by 
deep searches in the optical and infrared, but both 
fail in regions of high extinction and stellar con- 
fusion. However, galaxies which contain HI can 
be found everywhere, including regions of thick- 
est obscuration, and worst IR confusion. In the 
northern hemisphere, the ZOA within ±5 degrees 
of the Galactic plane has been searched at 21 cm, 
but only at the high noise level of 40 mJy beam -1 
(with velocity resolution of 4 km s -1 ), sensitive 
only to nearby, massive objects [The Dwingeloo 
Obscured Galaxies Survey: 43 galaxies uncov- 
ered (Henning et al. 1998; Rivers 2000)]. More 
recently, the HI Parkes Zone of Avoidance Sur- 
vey (HIZOA) covered Dec = -90° to +25° at 6 
mJy beam -1 rms (with velocity resolution of 27 
km s -1 ), and detected about one thousand galax- 
ies (Donley et al. 2005; Henning et al. 2000, Hen- 
ning et al. 2005 Kraan-Korteweg et al. 2005). 

With the installation of the Arecibo L-band 
Feed Array (ALFA), we now have the opportu- 
nity to map local large scale structure in HI in the 
ZOA, within the declination limits of the 305-m 
Arecibo Radio Telescop^]. Because many observa- 
tional targets for pulsar and Galactic HI observers 
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are found at low Galactic latitude, we have be- 
gun a program of "commensal" (meaning simul- 
taneous) observations with Galactic HI and pul- 
sar observers. Commensal observing, using mul- 
tiple backends simultaneously, makes efficient use 
of observing hours, which is particularly important 
during the highly oversubscribed Galactic time. 

The project being described here, "ALFA 
ZOA" , is the combination of two different com- 
mensal observing projects: (1) a map of the 
Arecibo sky at £ = 30° - 75°, |b| < 10° (Inner 
Galaxy region) with a backend designed for de- 
tecting extragalactic HI that will be used in con- 
junction with a backend for observing Galactic HI 
and one for observing ~ 1.4 GHz radio continuum 
emission; and (2) a deeper map of the Arecibo sky 
at |6| < 5° beginning in the Inner Galaxy region 
with a backend designed to detect extragalactic 
HI in conjunction with a spectrometer used for 
observing pulsars. The extragalactic data from 
this second survey will also be used to search for 
Galactic radio recombination lines. Both of these 
projects will reach farther north than HIZOA, and 
will provide higher spatial and velocity resolution 
than the HIZOA survey. The second survey will 
also provide higher sensitivity than HIZOA. 

ALFA ZOA is complementary to the three other 
extragalactic blind surveys that are currently un- 
derway at Arecibo: (1) the Arecibo Legacy Fast 
ALFA Survey (ALFALFA, e.g. Giovanelli et 
al. 2005) which is a large area but relatively shal- 
low survey, (2) the Arecibo Galaxy Environments 
Survey (AGES, e.g. Auld et al. 2006) a medium- 
deep survey, and (3) the ALFA Ultra Deep Survey 
(AUDS, Freudling et al. 2005) a very deep survey 
with small sky coverage. 

The full ALFA ZOA survey has begun, and 
will take several years to complete. We present 
a description of the ALFA ZOA survey and the 
results of ZOA precursor observations that were 
taken commensally with two smaller Galactic HI 
projects. The first project covered 38 square de- 
grees near £ = 40°, and the other covered 100 
square degrees near £ = 192°. 

We offer a description of the ALFA ZOA survey, 
and then present the observational results from the 
precursor observations. 

In § 2, we motivate the ALFA ZOA survey. 
In § 3, we describe the early precursor observa- 
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tions. In § 4, we describe the data reduction, 
galaxy recognition and parametrization, and se- 
lection function. § 5 contains an overview of the 
detected galaxies, their HI parameters and any 
counterparts at other wavelengths, and discusses 
the inner and outer Galaxy results. § 6 describes 
the outlook for the full ALFA ZOA survey. 

2. The ALFA Zone of Avoidance Survey 

ALFA ZOA is one of several extragalactic HI 
surveys being undertaken with ALFA. The empha- 
sis of this project is to trace the local large-scale 
structure in optically-obscured regions of the sky, 
and to better understand the local velocity field. 
This project will also make important contribu- 
tions to studies of the HI properties of galaxies in 
different environments, as there are a number of 
interesting large-scale structures which lie at low- 
Galactic latitude which will be surveyed in HI. The 
deep phase of the survey will be deeper than AL- 
FALFA, and will cover a broader contiguous area 
of the sky than AGES at similar depth. The cata- 
log will be used to construct an HI mass function 
over a large wedge of space, and to study the HI 
properties of galaxies in the various environments 
within the survey volume. 

2.1. Large Scale Structure and the Local 
Velocity Field 

Due to the declination limitations of the 
Arecibo Radio Telescope, there are two separate 
regions of the ZOA which we can map: the in- 
ner Galaxy, £ = 30° — 75°, and the outer Galaxy, 
£ = 170° — 215°. Known galaxies from the Lyon- 
Meudon Extragalactic Database (LEDA) and HI- 
ZOA in both of the accessible regions are plotted 
in the top panels of Figure 1. Optical surveys are 
compromised at ~ 1 mag, and are very inef- 
fective where the extinction Ab reaches 3 mag, as 
the correspondence of galaxy surface density with 
extinction shows (Fig 1 bottom). Further, partic- 
ularly in the inner Galaxy, the near-infrared Two 
Micron All Sky Survey (2MASS, eg. Skrutskie et 
al. 2006), less affected by dust extinction than are 
optical surveys, is still defeated by the high Galac- 
tic stellar surface density of the bulge. Still, we 
do know something about the large-scale struc- 
tures we will probe in this volume from galaxy 
distributions above and below the plane. 



In the inner Galaxy ZOA region the ZOA 
intersects the Delphinus void (center £, b,v, = 
59°, -6°, 2500 km s^ 1 ; Fairall 1998 used for this 
and all following void locations). Also lying in 
the inner Galaxy ZOA is a portion of a smooth 
"sine-wave" shaped feature that can be traced 
across the whole southern sky (Kraan-Korteweg, 
Koribalski, & Juraszek 1999). This long, sinuous 
galaxy overdensity disappears into the ZOA at 
£ — 40°. The HIZOA survey indicates a possible 
border at £ = 45° between the Microscopium void 
(£,b, v = 10°, 1°, 4500 km s" 1 ) and the Cygnus 
void (£,b, v = 67°, -9°, 3500 km s" 1 ). This 
area will be covered by the ALFA ZOA full sur- 
vey. At high velocities, very little is known about 
the large-scale structure in the area due to the 
heavy obscuration. This seems to be a generally 
empty region of the sky, judging from optical and 
IR galaxy counts, but it's not clear if this is real. 
The 21 cm mapping will address this, since it is 
unaffected by dust and high stellar density. 

In the outer Galaxy ZOA, the area to be probed 
includes the Gemini void {£, b, v = 172°, 9°, 3000 
km s _1 ) and Monoceros filament, a mass overden- 
sity at low redshift, extending into the Arecibo sky 
at I ~ 210° (Henning et al. 2005, Kraan-Korteweg 
ct al. 2005). Also covered will be the Orion void 
(£, b, v = 206°, -2°, 1500 km s" 1 ), interesting 
because of two low velocity galaxies within its pu- 
tative borders discovered with HIZOA, suggesting 
that it may not be a void at all. At higher veloc- 
ities the Gemini void may continue - ALFA ZOA 
should determine this clearly. We will probe part 
of the Canis Major void {I, b, v = 229°, -13°, 5000 
km s _1 ; Donley et al. (2005) suggest its center may 
lie at £, b = 220°, 0°.) The portion of the Pisces- 
Perseus chain which may connect to A569 (£, b, v 
= 168°, 23°, 5900; Fairall 1998), as surmised by 
Pantoja et al. (1997) will be probed where it lies 
behind the Milky Way. In both the inner and outer 
Galaxy ZOA regions, ALFA ZOA will almost cer- 
tainly uncover previously-unrecognized structures, 
as did its predecessor HIZOA. 

In addition to improving our understanding of 
the local galaxy density field, ALFA ZOA will also 
help to improve our understanding of the local 
galaxy velocity field, and correspondingly, the lo- 
cal matter density field. Because the number of 
galaxies with known redshifts greatly exceeds the 
number of galaxies with redshift-independent dis- 
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tance indicators, several authors have attempted 
to reconstruct the velocity and matter density 
fields of the local universe using redshifts alone, 
operating under the assumption that the matter 
density field is related to the galaxy density field 
by some assumed biasing relation (e.g., Branchini 
et al. 1999, Erdogdu et al. 2006). However, be- 
cause most galaxy surveys do not extend to low 
Galactic latitudes, we are missing an important 
part of the local velocity /density field. Even the 
near infrared, less affected by dust obscuration 
than the optical, retains a ZOA. In reconstruct- 
ing density and velocity fields from the 2MASS 
Redshift Survey (Huchra et al. 2005), Erdogdu et 
al. (2006) are forced to deal in a statistical way 
with missing data in the ZOA, defined broadly to 
be within \b\ =5°, but flaring significantly toward 
the Galactic Center. 

3. Precursor Observations 

Before the start of the multi-year survey, we 
conducted smaller "precursor" observations, to de- 
velop optimal observing and reduction techniques. 
Observations were conducted using alfaI on the 
305-m radio telescope located at Arecibo, Puerto 
Rico. The ALFA receiver has 7 independent 
beams, each with two orthogonal linear polariza- 
tions. The six outer beams are arranged in a 
hexagonal pattern around the central beam. At 
1.4 GHz, the mean system temperature is 30K, 
and the mean half-power beam is 3.4 arcmin, with 
the outer beams more elliptical in shape than the 
symmetric central beam (see Fig. 3 of Auld et 
al. 2006). For more detailed information on ALFA, 
see Giovanelli et al. (2005). Two regions of sky 
straddling the Galactic plane were observed dur- 
ing these precursor observations. A 38-square de- 
gree area near t = 40° was observed in June/ July 
2005 and May 2006. A 100-square degree region 
near £ = 192° was observed in October 2005. (Fig 
1 shows search boundaries). A third region behind 
the Taurus molecular cloud was also observed us- 
ing a similar mode, though with shorter effective 
integration time, and during the day. Results from 
this area are presented by Lamm et al. (2007), and 
in a forthcoming paper. 
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3.1. Observing Mode 

The observations described in this paper were 
conducted simultaneously with GALFA surveys of 
Galactic HI (Stanimirovic et al. 2006). While the 
typical observing mode for extragalactic ALFA 
surveys is drift scanning, the observations de- 
scribed here were done in "nodding" mode. In 
this mode, the receiver either stays on the merid- 
ian and nods up and down in zenith angle, or 
is positioned at non-zero hour angle, and moves 
back and forth in azimuth (the latter technique is 
used only near declination 18.5°, near the zenith, 
where nodding on the meridian will not work, due 
to technical limitations of the telescope). As the 
receiver nods and the Earth turns, the telescope 
traces a zigzag pattern on the sky as viewed in 
RA-Dec. The rotation angle of ALFA is selected 
to keep the separation between beams constant 
during the scans, with beam spacing of 1.8 arcmin 
orthogonal to the scan direction. Each subsequent 
day's scanning begins at different LST, such that 
the spacing between the edge beams of adjacent 
scans is the same as that between beams in the 
same scan. 

Because different days' scans cross each other, 
each position on the sky is observed twice, sep- 
arated by at least 24 hours. The repeated ob- 
servations are used to improve the RFI rejection 
in the data. The motion of the receiver and the 
overlapping observations lead to an effective inte- 
gration time of 8 seconds per beam. Calibration is 
handled by firing a high-temperature noise diode 
at the beginning of each scan, and at its halfway 
point. 

3.2. Backend 

While scanning, spectra were recorded every 
second using the Wide-band Arecibo Pulsar Pro- 
cessors (WAPPs) as the back-end signal proces- 
sors. The WAPPs were configured to cover 100 
MHz bandwidth centered at 1383 MHz. With 
rolloff in sensitivity at the bandpass extremes, the 
useful search range was -1000 km s _1 to 17,750 
km s~ x . The 100 MHz band was divided into 
4096 channels, producing a channel spacing of 24 
kHz, or 5 km s _1 in the HI line. Because of the 
constant presence of the strong, narrow Galactic 
HI signal at zero velocity, which causes ringing in 
the spectra, Hanning smoothing was applied in the 
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first stage of data reduction, increasing the veloc- 
ity resolution by a factor of two, to 10 km s -1 . 

4. Data Reduction 

The spectral data were bandpass corrected, 
Hanning smoothed, and Doppler-corrected using 
the AIPS++ package LiveData, originally devel- 
oped for the Parkes multibeam surveys (Barnes 
et al. 2001), with small modifications to accept 
the Arecibo CIMAFITS format. For each beam 
and polarization, a median bandpass calculated 
from the scan was removed. The relative gains of 
the ALFA beams (both polarizations) were taken 
into account at this stage. Also at this stage, 
the system temperature calibration was applied. 
The calibrated spectral data, weighted according 
to the beam shape and normalized by the beam re- 
sponse, were then gridded into cubes with a pixel 
size of 1 arcmin. Each output pixel is the median 
of spectra that lie within 1.5 arcmin of the center 
of the pixel. This step effectively removes outliers, 
an efficient method of mitigating transient RFI. 
Sources of RFI which are not transient in time re- 
main in the data, in particular, several channels 
surrounding 7900 km s _1 and 15,600 km s" 1 were 
ruined by almost constant RFI (L3 GPS and FAA 
radar, respectively). The velocity range occupied 
by Galactic HI is within -100 to 100 km s _1 , with 
dependence on Galactic longitude. High Velocity 
Clouds are also seen in the data, with large com- 
plexes reaching to ~ —200 km s _1 . These will be 
the subject of a forthcoming paper. Away from 
these velocities, and also away from the small re- 
gion affected by the Crab Nebula the resulting rms 
for the survey was 5.5 - 6 mJy per beam. Full de- 
tails of the bandpass estimation and gridding into 
datacubes is given by Barnes et al. (2001). 

4.1. Search Method and Profile Parametriza- 
tion 

Each three-dimensional (RA-Dec-Vel) dat- 
acube was visually inspected over the entire usable 
velocity range by three independent searchers, us- 
ing the visualization tool Karma KVIS (Gooch 
1996). While high-latitude HI surveys, such as 
the HI Parkes All Sky Survey, have used au- 
tomatic galaxy detection algorithms to produce 
galaxy candidate lists, we have found that the 
more complicated ZOA produces an unmanage- 



able number of false detections due to increased 
continuum emission at low-Galactic latitude, and 
that the human eye-brain system is still far su- 
perior for finding galaxies and rejecting spurious 
signals. Lists of galaxy candidates were compiled 
independently by each searcher. Galaxy catalogs 
in the literature were not consulted at this stage, 
to ensure a uniformly Hl-selected sample, and 
not some complicated function of HI properties 
and existing observations at other wavelengths. 
When all three searchers agreed, a candidate was 
accepted. In rare cases, when fewer than three 
searchers had noted a candidate, positions were 
re-examined, and sources with at least fives times 
the local rms noise over two or more channels 
were accepted, if their profile shapes were con- 
sistent with known HI objects, e.g. two-horned, 
flat-topped, Gaussian, or a combination. 

The coordinates and HI parameters of each 
galaxy were then measured using the MIRIAD 
(Sault et al. 1995) task MBSPECT. MBSPECT 
fits the coordinates (centroid) of the HI emission, 
and then provides a weighted sum of the emis- 
sion in each velocity plane to create a spectral pro- 
file. Visually inspecting each profile to determine 
a line- free range, a polynomial (typically a first, 
second, or third order polynomial, depending on 
the baseline shape) is fit to the baseline region, 
and then subtracted from the spectrum. The to- 
tal flux is integrated across the line profile in the 
baseline-subtracted spectrum, and the widths are 
computed at 20% and 50% of the peak flux level, 
using the "width maximizing" technique of find- 
ing the outwardmost channels on either side of the 
profile with fluxes greater than 20% and 50% of the 
peak flux level respectively. The systemic velocity 
of the galaxy is calculated to be the midpoint of 
the profile at the 50% level. All of the galaxies are 
spatially unresolved by the 3.4 arcmin beam, with 
the exception of J1901+0651, with 5-6 arcmin ex- 
tent. 

4.2. A Posteriori Selection Function 

Because the datacubes were searched visually, 
there was no hardwired selection function, such 
as would be the case with an automatic galaxy- 
finding algorithm. In order to compare the ALFA 
ZOA selection function directly to other ALFA 
blind surveys, namely ALFALFA and AGES, we 
show in Figure 2 the detected galaxies' HI flux 
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Fig. 1. — Top panels: Sky distribution of cataloged LEDA optical/IR objects with velocities within 12000 
km/s (small dots) and Parkes HIZOA galaxies (crosses; Donley et al. 2005, Shah 2008, Henning et al. 2005, 
Kraan-Korteweg et al. 2005, and catalog in prep.) surrounding the ALFA ZOA precursor regions (roughly 
rectangular boxes). ALFA ZOA galaxies are shown as large dots. The star shows the location of the Crab 
nebula. The dashed lines indicate the declination limits for the Arecibo telescope. Bottom panels: Galactic 
extinction levels of Ab = 1 and 3 mags (Schlegel et al. 1998) shown as contours. 



densities versus their linewidths. The dotted line 
is not a fit to the data envelope, but rather shows 
a flux and lincwidth dependent signal-to-noise ra- 
tio of 6.5 (following Saintonge (2007) and Cortese 
et al. (2008)) 

rllliT 1000 x Flux w 1 / 2 

S N = w x 

14/50 rms 

where w is either W5o/(2 x Sv) for linewidths less 
than 400 km s _1 , or 400/(2 x Sv) for linewidths 
of 400 km s _1 or greater, where Sv is the veloc- 
ity resolution of the survey. (As noted by Sain- 
tonge (2007), 400 km s _1 marks the velocity width 
at which typical spectral baseline fluctuations be- 
come comparable to the width of the galaxy pro- 
file). For this survey, the velocity resolution is 10 
km s _1 , and the rms is taken as the representative 
value of 5.75 mJy. As for ALFALFA and AGES, 
this lincwidth and flux density dependent signal- 
to-noise threshold of 6.5 delineates the selection 
threshold quite well. 

5. Overview of Galaxies Detected 
5.1. HI Parameters 

In the two low-latitude precursor regions ob- 
served, a total of 72 galaxies were detected: 10 in 



the inner Galaxy region (38 square deg), and 62 
in the outer Galaxy region (100 square deg). Ta- 
ble 1 presents the HI parameters for these ALFA 
detections, with columns containing the following 
information: 

Column ( 1 ). — Source name; 

Columns (2) and (3). — Right ascension and 
declination (J2000.0) of the fitted position; 

Columns (4) and (5). — Galactic latitude and 
longitude of the fitted position; 

Column (6). — The HI flux integral; 

Column (7). — The heliocentric velocity (cz) 
taken as the midpoint of the profile at the 50% 
level; 

Columns (8) and (9). — The full velocity width 
of the HI line measured at the 50% and 20% levels 
respectively; 

Column (10). — Distance to the galaxy, correct- 
ing the velocity to the Local Group frame: 

vlg = Vhei + 300sin(l)cos(b) 

and taking Ho = 71 km s _1 Mpc -1 ; 

Column (11). — Logarithm of the HI mass. 

The uncertainties on Fhi, Vhci, W50, and W20 
were calculated following the discussion in Korib- 
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Fig. 2. — Integrated HI flux density versus 
linewidth at 50% peak level for the ALFA ZOA 
galaxies. The filled circles represent ALFA ZOA 
galaxies with counterparts in the literature as de- 
scribed in § 5.2, the open circles represent ALFA 
ZOA galaxies with no known counterparts. The 
dashed line shows a flux density and linewidth de- 
pendent reliability limit of S/N = 6.5, as for AL- 
FALFA (Saintonge 2007). This a posteriori S/N 
selection threshold for ALFA ZOA is consistent 
with the reliability limits of both the ALFALFA 
and AGES (Cortese et al. 2008) surveys. 

alski et al. (2004). The error on the HI flux inte- 
gral is 

<j(F hi ) = 4 {SNy^S^akFmSu) 1 ' 2 , 

where S pea k is the peak flux, SN is the signal to 
noise ratio S pea k to <j(S pea k) 7 Fhi is the integrated 
flux, and 5v is the velocity resolution of the data, 
10 km/s. o(Sp e ak) is the error in the peak flux 

v(Speak) 2 = rms 2 + (0.05 S peak ) 2 . 
The uncertainty in the systemic velocity is 
a(V hel ) = 3 {SNy^Pdv) 1 ' 2 , 

with 

P = 0.5 (W 20 -Wbo), 



is a measure of the steepness of the profile edges. 
The uncertainties in the linewidths are given by 

<j(W 20 ) = MVhel) , 
<J(W 50 ) = MVhel) • 

The uncertainties in the HI masses are derived 
from the uncertainties in the HI flux integrals. 

Included in this table of 72 sources are six galax- 
ies which are clearly detected, but whose signals 
lie on the edge of the survey region. They are 
assigned ALFA ZOA names, but since some 21- 
cm flux is missing, their positions, flux densities, 
and heliocentric velocities are indicative only (and 
marked with ":" in Table 1) and no further quan- 
tities are derived. Figure 3 presents the HI 21-cm 
spectra of the 66 galaxies with secure HI measure- 
ments. 



Table 1 

H I Galaxy Parameters from ALFA Zone of Avoidance Precursor Observations 



ALFAZOA 


RA 


Dec 


1 


b 


Fhi 


Vhel 


w 50 


W 20 




1 


og M HI 




(J2000.0) 


(J2000.0) 


(dog) 


(deg) 


(Jy km s _1 ) 


(km s _1 ) 


(km s _1 ) 


(km s ) 


(Mpc) 




( M Q ) 


J1844 + 0554 


18 44 34 


+05 54 33 


37.42 


4.22 


1.5 ± 0.5 


9650 ± 9 


64 ± 18 


107 ± 27 


139 


9 


.83 ± 0.18 


J1855 + 0737 


18 55 13 


+07 37 19 


40.15 


2.63 


5.2 ± 0.9 


6153 ± 5 


287 ± 10 


301 ± 14 


89 


9 


.99 ± 0.08 


J1901 + 0651 


19 01 35 


+06 51 42 


40.19 


0.88 


28.8 ± 1.6 


2950 ± 3 


60 + 6 


96 ± 8 


44 


10 


.12 ± 0.03 


J1906 + 0734 


19 06 41 


+07 34 47 


41.41 


0.09 


3.8 ± 0.8 


3082 ± 6 


165 ± 11 


194 ± 17 


46 


9 


.28 ± 0.10 


J1908 + 0559 


19 08 26 


+05 59 49 


40.20 


-1.03 


3.6 ± 0.8 


4555 ± 4 


181 ± 7 


190 ± 11 


67 


9 


.58 ±0.11 


J1917 + 0749 


19 17 24 


+07 49 07 


42.85 


-2.16 


6.5 ± 0.9 


3027 ± 6 


214 ± 12 


254 ± 19 


46 


9 


.50 ± 0.06 


J1920 + 0612 


19 20 03 


+06 12 25 


41.73 


-3.49 


1.8 ± 0.7 


6207 ± 7 


112 ± 14 


130 ± 22 


90 


9 


.54 ± 0.21 
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Fig. 3. — HI spectra of the ALFA ZOA galaxies. The dotted lines enclose the range in velocity over which 
the profile was measured. The solid line indicates the baseline subtracted. The small circles on each profile 
indicate, from top to bottom, the peak, the 50%, and the 20% of peak flux levels. 
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Fig. 3.— (cont.) 
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Fig. 3. — (cont.) The portion of the spectrum near 7900 km s^ 1 in the panel for J0510+2044 is affected by 
RFI and is not included in the baseline fit. 
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Fig. 3.— (cont.) 
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Fig. 3. — (cont.) The apparent absorption feature near 7900 km s 1 in the panel for J0545+1925 is due to 
RFI, and is excluded from the baseline fit. 
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Fig. 3.— (cont.) 
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Fig. 3.— (cont.) 
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Fig. 4. — Distribution of basic HI parameters for 
the 66 ALFA ZOA galaxies with secure measure- 
ments. Top: systemic velocity. Middle: integrated 
flux density. Bottom: linewidth at 50% peak. 

Figure 4 shows histograms of heliocentric ve- 
locity (top panel), HI flux density (middle panel), 
and HI linewidths at 50% of peak flux (bottom 
panel) for these objects. The distribution in he- 
liocentric velocity, while averaged over some un- 
related large-scale structures, shows an overden- 
sity between 5000 - 6000 km s _1 due to galaxy 
distribution in the outer Galaxy region (described 
in Section 5.4). The HI flux density distribution 
shows that the survey becomes insensitive below 
about 2 Jy km s" 1 . The average linewidth W50 
for the survey is 214 km s _1 with considerable 
spread, ranging from the narrowest source with 
34 km s _1 linewidth, to the widest profile, with 
486 km s _1 . 

The values of HI mass range from 2.7 x 10 8 
M to 3.2 x 10 10 M , with a mean HI mass of 
8.0 x 10 9 M . Figure 5 shows the mass distribution 
of these 66 galaxies with secure HI measurements. 
The mean value and distribution in HI mass are 
consistent with expectation, eg. they are very sim- 
ilar to those of the HIZOA, which was conducted 
at similar sensitivity and depth. 
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Fig. 5. — Distribution of HI mass for the survey 
galaxies. 

5.2. Counterparts at Other Wavelengths 

For each ALFA ZOA detection, the NASA Ex- 
tragalactic Database (NED) was searched for cat- 
aloged galaxies at the location of the HI detection. 
The criterion for listing as a possible counterpart 
is a position within 3.5 arcmin of the fitted HI po- 
sition. No velocity measurement of the counter- 
part is necessary for inclusion, but if a velocity is 
given, it must be within 100 km s _1 , otherwise it 
is excluded as a possible counterpart. Also, com- 
parison was made to a recent pointed HI survey of 
2MASS galaxies, which had one object in common 
with our survey (van Driel et al. 2009). Table 2 
presents the 57 ALFA ZOA galaxies with possible 
counterparts as defined in this way, and includes: 

Column (1). — Source name (an asterisk indi- 
cates the galaxy lies on an edge of the survey re- 
gion, so parameters are uncertain); 

Column (2). — Galactic latitude; 

Column (3). — Foreground extinction Ab esti- 
mated by the IRAS DIRBE maps of Schlegel et 
al. (1998); 

Column (4)- — Name of HI literature counter- 
part, if any; 

Columns (5) and (6). — Angular separation, 
and velocity difference from HI counterpart (Lit- 
erature - ALFA ZOA); 

Columns (7) and (8). — Optical counterpart, if 
any, and angular separation; 
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Columns (9) and (10). — 2MASS counterpart, if 
any, and angular separation; 

Columns (11) and (12). — IRAS counterpart, if 
any, and angular separation; 

Column (13). -Velocity difference between the 
ALFA ZOA source and any non-HI velocity mea- 
surement (Literature - ALFA ZOA). 

Some galaxies have more than one possible 
counterpart; no attempt is made to judge amongst 
the candidates. For the galaxies which have 21-cm 
measurements in the literature [from NED, and 
Donley et al. (2005), Lu ct al. (1990), Pantoja et 
al. (1997), Rosenberg and Schneider (2000), van 
Driel et al. (2009), Wong et al. (2006)], compari- 
son between ALFA ZOA and literature values for 
the heliocentric systemic velocities, HI flux den- 
sities, and linewidths show good agreement (Fig. 
6). 

To assess the completeness of the survey, NED 
was queried to check for galaxies in these re- 
gions which have 21-cm redshifts in the litera- 
ture, but were not detected by ALFA ZOA. In 
the ~ 140 square degrees, there are only three 
galaxies with literature 21-cm measurements that 
would indicate they are above our detection limit, 
but which were not found in the ALFA ZOA 
cubes. One of these objects appears in the in- 
ner Galaxy region, HIZOA J1843+06 (Donley 
et al. 2005). Two are in the outer Galaxy re- 
gion, ADBS J053017+2233 (Rosenberg & Schnei- 
der 2000), and IRAS 05223+1908 (Lu ct al. 1990). 
We re-examined the ALFA ZOA data at the loca- 
tions of these sources, and while they should have 
been clear detections according to published val- 
ues, we do not recover them in our data. From 
the available information, we cannot determine 
the reason for these three non-detections. 

5.3. Inner Galaxy Detections 

The first region observed, toward the heavily- 
obscured inner Galaxy, was selected to overlap 
the northern extension of the Parkes ZOA sur- 
vey (Donley et al. 2005) with similar sensitivity, 
so we could check performance of the observing 
and analysis systems with known HI sources. We 
detected 10 HI galaxies in this area, including 7 
of the Parkes galaxies, and three more HI sources: 
one associated with an IR galaxy, and two newly- 
discovered galaxies. Because of the thick obscu- 
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Fig. 6. — Comparison of HI parameters of the 
ALFA ZOA galaxies with galaxies having HI mea- 
surements in the literature. Top panel: difference 
between the literature systemic velocity and the 
ALFA ZOA systemic velocity measurement ver- 
sus the ALFA ZOA measurement, with line of 
zero velocity difference indicated. Middle panel: 
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The most outlying point in each plot refers to 
ADBS051733+1934 = ALFAZOA J0517+1936. 

ration in the optical and confusion in the NIR in 
this region, only one ALFA ZOA galaxy (10%) 
has a cataloged counterpart in any other wave- 
band. This region was selected because it had 
already been covered by an HI survey of similar 
depth, thus we report no newly uncovered large- 
scale structures here, but refer the reader to Don- 
ley et al. 2005 for plots of HI galaxy distribution in 
this region, and connection to high latitude large- 
scale structure. 

5.4. Outer Galaxy Detections 

In the lower-extinction, less confused outer 
Galaxy region, 49 of the 62 galaxies (79%) de- 
tected by ALFA ZOA have counterparts (mostly 
2MASS) but only 26 (42%) have previously pub- 
lished redshifts. The sky distribution is shown 
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in the right panel of Figure 1, which also indicates 
the location of the Crab nebula. This strong con- 
tinuum source locally raised the system temper- 
ature and disturbed the spectral baselines. The 
noise in the underdense region to the Galactic 
North of the Crab nebula is comparable to the 
average survey noise, indicating that the under- 
density in galaxies there is probably real. 

The velocity distribution of the ALFA ZOA 
galaxies plotted as a wedge diagram in RA, col- 
lapsed around the central declination of the search 
(21°), is shown in Figure 7. For this plot, cata- 
loged galaxies with known velocity are also shown, 
and the wedge continues in RA beyond the lim- 
its of our survey (which is shown by the central 
wedge). Most notable in the ALFA ZOA galaxy 
distribution is an apparent overdensity of galaxies 
near 5 h , and between 5000 - 6000 km s" 1 {I ~ 
183°, b ~ —10°). This overdensity is also evident 
in the optical and IR-selected sample of Panto j a 
ct al. (1997, 2000), and the 2MASS sample of van 
Dricl ct al. (2009). The most obvious concentra- 
tion near this velocity seen in the cataloged galax- 
ies is the Cancer cluster, with its finger of God 
apparent at 8 h 20 m , 4500 km s" 1 . The Perseus- 
Pisces chain, at similar velocity, enters the ZOA 
at I ~ 160° (apparent in Fig 1). The ALFA 
ZOA concentration lies very roughly between the 
two on the sky. This overdensity lies close to the 
Orion concentration evident in the 2MASS Red- 
shift Survey density field reconstruction (Erdogdu 
ct al. 2006) in the shell at 6000 km s" 1 . Also 
nearby in the reconstruction is the feature "C5", 
at t ~ 195°, b ~ 0°, with velocity peak at 5000 
km s _1 . This may be evidence of a real over- 
density of galaxies consistent with the large-scale 
structure reconstruction at low-Galactic latitude. 

Also apparent in the wedge plot is the Taurus 
void (center at RA = 3.5 h , Dec = +20°, v = 4000 
km s _1 ) which appears as undcrdensity on the low 
RA side, and possibly a portion of the Gemini void 
(center at RA = 6 h , Dec = +40°, v = 3000 km 

6. The Future: Surveying the Entire 
Arecibo ZOA 

The precursor observations of a relatively small 
area of the ZOA visible to the Arecibo Radio Tele- 
scope have shown that we can detect new galax- 



6h45m 5h00m 




Fig. 7. — Distribution of ALFA ZOA outer Galaxy 
detections (heavy dots) within the search area (in- 
ner wedge) and LEDA galaxies (small dots). The 
wedge is collapsed over the declination range of the 
ALFA ZOA detections, a 3 degree range centered 
on declination 21°. The RA range is extended to 
show known distribution in LEDA galaxies further 
from the Galactic plane. The ALFA ZOA detec- 
tions shown outside of the inner wedge were found 
beyond the full-sensitivity search region, where 
scans did not overlap, but still had some search 
data. 

ies behind the Milky Way, and with the redshifts 
provided by the 21-cm spectral line of HI, delin- 
eate large-scale structure at low Galactic latitude. 
These observations are only a prelude to a large 
survey of the ZOA, to be conducted in two phases, 
one shallow, and one deep. A shallow survey of the 
entire inner Galaxy region, I = 30° — 75°, \b\ < 
10°, <~ 1000 square degrees, began in May 2008, in 
the nodding scan mode described here. Extrap- 
olating from the detection rate of the precursor 
observations, we anticipate a final catalog in this 
region of about 500 galaxies. The vast majority 
will be new detections, as only l/10th of the detec- 
tions from the precursor inner Galaxy observations 
have a 2MASS counterpart in the extended source 
catalog. This is not surprising due to the high 
stellar surface density in the Galactic first quad- 
rant. For the galaxies which do have counterparts 
at other wavelengths, we will provide high-quality 
redshifts. This area of the sky is almost uncharted 
territory (Fig 1), so we anticipate the discovery of 
many unknown galaxies and structures. Observa- 
tions for this phase of the survey were completed 
in 2009. 
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Commensal observations with a deep survey for 
pulsars within |6| < 5° began in July 2009. The 
multi-year survey began in the inner Galaxy, with 
intention to extend the survey to the outer Galaxy 
(£ = 170° - 215°) in the future. These sensi- 
tive data will also be used by a team interested 
in surveying Galactic radio recombination lines. 
The integration time planned for this project is a 
lengthy 268 seconds per pointing (compare to 8 
sec per beam in the nodding scan mode) , with the 
sky covered by tiles of individual pointings. The 
higher sensitivity of this deep phase of the survey 
is expected to yield thousands of galaxies, includ- 
ing local low-mass objects, and HI galaxies at large 
distances. 

This work is based on observations done at 
Arecibo Observatory. The Arecibo Observatory 
is part of the National Astronomy and Ionosphere 
Center, which is operated by Cornell University 
under a cooperative agreement with the National 
Science Foundation. We thank the Arecibo Obser- 
vatory staff for help organizing these commensal 
observations, and Mark Calabretta for quickly ad- 
justing the Parkes multibeam reduction software 
to accept the new format. 

This research has made use of the NASA/IPAC 
Extragalactic Database (NED) which is operated 
by the Jet Propulsion Laboratory, California In- 
stitute of Technology, under contract with the Na- 
tional Aeronautics and Space Administration. We 
acknowledge the usage of the HyperLeda database 
( |http:/ /leda.univ-lyonl.fr| ). 

PAH gratefully acknowledges support from 
NSF grant AST-0506676. 

REFERENCES 

Auld, R., Minchin, R. F., Davies, J. I., Catinella, 
B., van Driel, W., Henning, P. A., Linder, S., 
Momjian, E., Muller, E., O'Neil, K., Sabatini, 
S., Schneider, S., Bothun, G., Cortese, L., Dis- 
ney, M., Hoffman, G. L., Putman, M., Rosen- 
berg, J. L., Baes, M., de Blok, W. J. G., Boselli, 
A., Brinks, E., Brosch, N., Irwin, J., Karachent- 
sev, I. D., Kilborn, V. A., Koribalski, B., & 
Spekkens, K. 2006, MNRAS, 371, 1617 

Barnes, D.G., Staveley-Smith, L., de Blok, 
W.J.G., Oosterloo, T., Stewart, I.M., Wright, 
A.E., Banks, G.D., Bhathal, R., Boyce, P.J., 
Calabretta, M.R., Disney, M.J., Drinkwater, 



M.J., Ekers, R.D., Freeman, K.C., Gibson, 
B.K., Green, A. J., Haynes, R.F., te Lin- 
tel Hekkert, P., Henning, P.A., Jerjen, H., 
Juraszek, S., Kesteven, M.J., Kilborn, V.A., 
Knezek, P.M., Koribalski, B., Kraan-Korteweg, 
R.C., Malin, D.F., Marquarding, M., Minchin, 
R.F., Mould, J.R., Price, R.M., Putman, M.E., 
Ryder, S.D., Sadler, E.M., Schroder, A., Stoot- 
man, F., Webster, R.L., Wilson, W.E., & Ye, 
T. 2001, MNRAS, 322, 486 

Branchini, E., Teodoro, L., Frenk, C. S., 
Schmoldt, I., Efstathiou, G., White, S. D. 
M., Saunders, W., Sutherland, W., Rowan- 
Robinson, M., Keeble, O., Tadros, H., Maddox, 
S., & Oliver, S. 1999, MNRAS 308, 1 

Cortese, L., Minchin, R.F., Auld, R.R., Davies, 
J.I., Catinella, B., Momjian, E., Rosenberg, 
J.L., Taylor, R., Gavazzi, G., O'Neil, K., Baes, 
M., Boselli, A., Bothun, G., Koribalski, B., 
Schneider, S., & van Driel, W. 2008, MNRAS, 
383, 1519 

Donley, J.L., Staveley-Smith, L., Kraan- 
Korteweg, R.C., Islas-Islas, J.M., Schroder, A., 
Henning, P.A., Koribalski, B., Mader, S., & 
Stewart, I. 2005, AJ 129, 220 

Erdogdu, P., Lahav, O., Huchra, J. P., Colless, M., 
Cutri, R.M., Falco, E., George, T., Jarrett, T., 
Jones, D.H., Macri, L.M., Mader, J., Martim- 
beau, N., Pahre, M.A., Parker, Q.A., Rassat, 

A. , & Saunders, W. 2006, MNRAS, 373, 45 

Fairall, A. P. 1998, Large-Scale Structures in the 
Local Universe, (Chichester: Wiley) 

Freudling, W. Staveley-Smith, L., Calabretta, 
M., Catinella, B., van Driel, W., Linder, S., 
Minchin, R., Momjian, E., Zwaan, M., & AUDS 
Team 2005, BAAS 37, 1316 

Gooch, R.E., 1996, in ASP Conf. Ser. 101, Astro- 
nomical Data Analysis Software and Systems 
V, ed. G. H. Jacoby & J. Barnes (San Fran- 
cisco: ASP), 80 

Giovanelli, R., Haynes, M.P., Kent, B.R., Peril- 
lat, P., Saintonge, A., Brosch, N., Catinella, 

B. , , Hoffman, G.L., Stierwalt, S., Spekkens, 
K., Lerner, M.L., Masters, K.L., Momjian, E., 
Rosenberg, J.L., Springob, CM., Boselli, A., 



24 



Charmandaris, V., Darling, J.K., Davies, J., 
Lambas, D.G., Gavazzi, G., Giovanardi, C, 
Hardy, E., Hunt, L.K., Iovino, A., Karachent- 
sev, I.D., Karachentseva, V.E., Koopmann, 
R.A., Marinoni, C, Minchin, R., Muller, E., 
Putman, M., Pantoja, C, Salzer, J.J., Scodeg- 
gio, M., Skillman, E., Solanes, J.M., Valotto, 

C, van Driel, W., & van Zee, L. 2005, AJ 130, 
2598 

Henning, P.A., Kraan-Korteweg, R.C., Rivers, 
A.J., Loan, A.J., Lahav, O., & Burton, W.B. 
1998, AJ 115, 584 

Henning, P.A., Staveley-Smith, L., Ekers, R.D., 
Green, A.J., Haynes, R.F., Juraszek, S., 
Kesteven, M.J., Koribalski, B.S., Kraan- 
Korteweg. R.C., Price, R.M., Sadler, E.M., and 
Schroder, A. 2000, AJ 119, 2686 

Henning, P.A., Kraan-Korteweg, R.C., & 
Staveley-Smith, L. 2005, in workshop on 
"Nearby Large-Scale Structures & the Zone 
of Avoidance", ASP Conf. Scr. 329, eds. A.P. 
Fairall & P. A. Woudt, (San Francisco: ASP), 
199 

Huchra, J., Jarrctt, T., Skrutskie, M., Cutri, R., 
Schneider, S., Macri, L., Steining, R., Mader, 
J., Martimbeau, N., & George, T. 2005, in 
workshop on "Nearby Large-Scale Structures & 
the Zone of Avoidance", ASP Conf. Scr. 329, 
eds. A.P. Fairall & P.A. Woudt, (San Francisco: 
ASP), 135 

Karachentsev, I.D., Sharina, M.E., Makarov, 

D. I., Dolphin, A.E., Grebel, E.K., Geisler, D., 
Guhathakurta, P., Hodge, P.W., Karachent- 
seva, V.E., Sarajedini, A., & Seitzer, P. 2002, 
A&A 389, 812 

Kraan-Korteweg, R.C. 1986, A&AS 66, 255 

Kraan-Korteweg, R.C, Koribalski, B.S., & 
Juraszek, S. 1999, in ESO/ATNF Workshop on 
"Looking Deep in the Southern Sky", eds. R. 
Morganti & Couch, Springer, 23 

Kraan-Korteweg, R.C, Staveley-Smith, L., Don- 
ley, J., Koribalski, B. & Henning, P.A. 2005, 
in IAU Symp. 216, Maps of the Cosmos, 
eds. M. Colless and L. Staveley-Smith, (ASP: 
San Francisco), 203 



Lamm, R., Minchin, R., Momjian, E., Lowenthal, 
J., Henning, P., Catinella, B., & ALFA ZOA 
Collaboration 2007, BAAS, 39, 965 

Lu, N.Y., Dow, M.W., Houck, J.R., Salpeter, 
E.E., & Lewis, B.M. 1990, ApJ, 357, 388 

Pantoja, C.A., Altschuler, D.R., Giovanardi, C, 
& Giovanelli, R. 1997, AJ, 113, 905 

Pantoja, C.A., Giovanardi, C, Altschuler, D.R., 
Huchra, J.P., & Giovanelli, R. 2000, ASP Conf. 
Ser. 218, eds. R.C. Kraan-Korteweg, P.A. Hen- 
ning, & H. Andernach, (San Francisco: ASP), 
219 

Peebles, P.J.E., Phelps, S.D., Shaya, E.J., & Tully, 
R.B. 2001, ApJ, 554, 104 

Rivers, A.J. 2000, Ph.D. thesis, Univ. of New Mex- 
ico 

Rosenberg, J.L. & Schneider, S.E. 2000, ApJS, 
130, 177 

Saintonge, A. 2007, AJ, 133, 2087 

Sault, R.J., Teuben, P.J., & Wright, M.C.H. 1995, 
in ASP Conf. Ser. 77, Astronomical Data Anal- 
ysis Software and Systems IV, ed. R.A. Shaw, 
H.E. Payne, & J.J.E. Hayes (San Francisco: 
ASP), 433 

Schlegel, D.J., Finkbcincr, D.P., & Davis, M., 
1998, ApJ, 500, 525 

Shan, Nebiha 2008, M.Sc. thesis, Univ. of Cape 
Town 

Skrutskie, M.F., Cutri, R. M., Sticning, R., Wein- 
berg, M. D., Schneider, S., Carpenter, J. M., 
Bcichman, C, Capps, R., Chester, T., Elias, 
J., Huchra, J.,Liebert, J., Lonsdale, C, Monet, 
D.G., Price. S., Seitzer, P., Jarrett, T., Kirk- 
patrick, J.D., Gizis, J.E., Howard, E., Evans. 
T., Fowler, J., Fullmer, L., Hurt, R., Light, 
R., Kopan, E.L., Marsh, K.A., McCallon, H.L., 
Tarn, R., Van Dyk, S., Wheelock, S. 2006, 
AJ 131, 1163 

Stanimirovic, S., Putman, M., Heiles, C, Peek, 
J.E.G., Goldsmith, P.F., Koo, B.-C.,Krco, M., 
Lee, J.- J., Mock, J., Muller, E., Pandian, J.D., 
Parsons, A., Tang, Y., & Wcrthimer, D. 2006, 
ApJ 653, 1210 



25 



van Driel, W., Schneider, S.E., Kraan-Korteweg, 
R.C., & Monnier Ragaigne, D. 2009, A&A 505, 
29 

Wong, O.I., Ryan- Weber, E.V., Garcia-Appadoo, 
D.A., Webster, R.L., Staveley-Smith, L., 
Zwaan, M.A., Meyer, M.J., Barnes, D.G., Kil- 
born, V.A., Bhathal, R., dc Blok W.J.G., 
Disney, M.J., Doyle, M.T., Drinkwater, M.J., 
Ekers, R.D., Freeman, K.C., Gibson, B.K., 
Gurovich, S., Harnett, J., Henning, P.A., Jer- 
jen, H., Kesteven, M.J., Knezek, P.M., Ko- 
ribalski, B.S., Mader, S., Marquarding, M., 
Minchin, R.F., O'Brien, J., Putman, M.E., Ry- 
der, S.D., Sadler, E.M., Stevens, J., Stewart, 
I.M., Stootman, F., and Waugh, M. 2006, MN- 
RAS 371, 1855 



This 2-column preprint was prepared with the AAS IATfrjX 
macros v5.2. 



26 



